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MILITARY SPECIFICATION
SEMICONDUCTOR DEVICE, TRANSISTOR, NPN, SILICON SWITCHING
TYPES 2N2481 AND TX2N2481

This _specification is mandatory for use by all Depart-
ments_and Agencies of the Department of Defense.

1. SCOPE

288 nndd
1.1 BScope. This specification covers the Uetall requirements.for a NPN, silicon, high-speed

switching transistor. The prefix "TX" is used on devices submitted to and passing the special
process-conditioning, testing, and screening specified in 4.5 through 4.5.9.1.

1.2 hysicﬂ dimensiong. See

1.3 Maximum ratings.

pr Y/ Pr 2/ Tsty
s | VcBo | VEBO | VCcEO | VCES and’ Ty
TA =2567C Tc=25"C Lop
w w Vde Vdc Vdce Vdc °C °c
0.36 i.2 40 5.0 i5 30 -85 to +200 | +200

hrE Ihfel VcE(sat) ton toff
VCE =1 Vde | Ve =10 Vde | I¢ = 10 mAde | Ic = i0 mAdc ic = i0 mAdc
I0 = 10 mAde | Io =10 mAde | Ig =1 mAde Ini = 1 mAde It = 1 mAdc
=100 mHz VBE(O) =2 Vdc | Ip2 = 0.5 mAdc
Vdce ns ns
Min 40 3.0 --- - -
Max 120 12 0.28 5 45
2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of invitation for bids or request for
proposal, form a part of the specification to the extent specified herein.



SPECIFICATION
MILITARY

MIL-S-19500 - Semiconductor Devices, General Specification for.
STANDARDS

MILITARY

MIL-STD-202 -~ Test Methods for Electronic and Electrical Component Parts.
MIL-STD-750 - Test Methods for Semiconductor Devices.

{Copies of specifications, standards, drawings, and publications required by suppliers in con-
nection with specific procurement functions should be obtained from the procuring activity or as
directed by the contracting officer. )

3. REQUIREMENTS

_‘LJ

3.1 General. Requirements shall

&=
=

3.2 Abbreviations, symbol s definitions. The abbreviations, symbols, and definitions used

herein are defined in MIL-S-19 5

3.3 Design, construction, and physical dimensions. Transistors shall be of the design, con-

struction, and physical dimensions shown on figure 1.

* 3.3.1 Lead material and finish. Lead material shall be Kovar or alloy 52. Lead {inish shall be
gold-plated. (Leads may be tin-coated if specified in the contract or order, and this requirement
shall not be construed as adversely affecting the qualified-product status of the device, or applicable
JAN marking, see 6.2.)

* 3.3.1.1 Selectivity of iead material. Where choice of lead materi
sired, it shall be specified in the contract or order (see 6.2).

=1

fmmm A
(see J.

3.4 Performance characteristics. Performance characteristics shall be as specified in tables],
i, @ E: as W

3.4.1 Process-conditioning, testing, and screening for "TX" type. Process-conditioning,
testing, and screening for the "TX" type shall be as specified in 4.5.

3.5° ing. The following markings specified in MIL -S-19500 may be omitted from the body
of the transistor at the option of the manufacturer:

(a) Country of origin.
(b) Manufacturer's identification.

3.5.1 "TX" marking. Devices in accordance with the "TX" requirements shall be marked with
"TX" immediately following the JAN or J prefix.

4. QUALITY ASSURANCE PROVISIONS

4.1 Sampling and inspection. Sampling and inspection shall be in accordance with MIL-5-18500,
md A omAand 363

and as bpcuuu-;u herein.

4.2 Qualification inspection. Qualification inspection shall consist of the examinations and tests
specified in tables I, I, and II.
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ESEATING- PLANE
- A L—e{ BASE— = M |=—
N COLLECTOR

—¢b DIA (SEE NOTE 5)

0,
DIA

DIMENSIONS

INCHES MILLIMETERS
MIN | MAX | MIN | MAX
)D |.209 | .230 | 5.31] 5,84

n.l 170 10R A 891 A QK
| %S &S AV . AUV Ee Vi e ww

A LLI701,210 | 4.32] .33
L 1.500!.750 |12.70]/19.05 7
L1 . 050 1.27] 8
b {.016 | . 021 .41] ,53)2, 17
baj. 016 | . 019 L41] 4813,
k [.028 [ .048 LT1] 1,22
j 1.036 | .046 ,91) 1,17
h . 020 201
M |.0707Nom | 1.80 Nom | 4
N |.0354 Nom .90 Nom 4

wM—~402Z

NOTES:

1. Metric equivalents (to the nearest .01 mm) are given for general information only
and .are based upon.1 inch = 25.4 mm.

2. Measured in the zone beyond . 250(6. 35 mm) from the seating plane.

3. Measured in the zone ., 050(1.27 mm) and . 250(6. 35 mm) from the seating plane.

4. When measured in a gaging plane .054+.001, -.000 (1,37+.03, -.00 mm) below the
seating plane of the transistor, maximum diameter leads shall be within . 007(. 18 mm)
of their true location relative to 2 maximum width tab. Smaller diameter leads shall fall
within the cutline of the maximum diameter lead tolerance, Figure 2 shows the preferred
measurement method,

5. The collector shall be electrically connected to the case.

6. Measured from the maximum diameter of the actual device.

7. All three leads. (See 3.3.1).

8. Diameter of leads in this zone is not controlled.

FIGURE 1. Physical dimensions of transistor types 2N2481 and TX2N2481 (TO-18).
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(TR INCHES MILLIMETERS ’é L ( $ ] 405 \@* w
B MIN MAX MIN MAX | @ ] { &w/x "'I H }-—48
B1.0325 |.0335 | ,83 .85 [ 4 ‘) $£ {
@B1 .043 Nom 1,09 Nom | 4 ) TR
AD 1,2310 1, 23151 5.87 | 5 .88 I
©D4/.169 |.161 4.04 | 4.09 U ALA

Dol ..040 Nom 1.02 Nom | b SECTION- £ LW

B 1.0995 [.,1005 ; 2.53 | 2.8%

E1 |[.0495 [,.0505 { 1.26 | 1.28

H 1.145 [.156 3.68 | 3.94

J [.0470 [.0470 | 1.1 | 1.21

J1 1.0236 | 0245 . 80 .62
K _|,009 .011 .23 .28

K1 ., 005 Nom .127 Nom

L 1.372 . 318 0.45 1 9.80

111,054 1,055 [1,37 | 1,40

L2 . 043 Nom 1.09 Nom

Q . 040 Nom i. 02 Nom

Q1 1.123 . 127 3.12 1.3.23

A 144,907]45,10 | -~ | ~-=

B 45" Nom ——— | ==

~r an®  avtao. ——— -———

P § Z2Y L‘l'.!l.l.l

NOTES

01. Metric equivalent {to the nearest ,01 mm) are given for general information only and are based

uponlinch=25 4 mm.

4. The ioliowing gaging procedure shali be used: The device being measured shall be inserted
until its seating plane is , 125 (3. 18 mm) +.010 (.254 mm) from the seating surface of the gage.
A force of 8 +,5 oz, shall then be applied parailel and symmetrical to the device's cyllndrtca.l

axis, When examined ‘v’i"“‘"" after the force application (mv {oree need not be removed) the

seating plane of the device shall be seated against the gage.
The use of a pin straightener prior to insertion in the gage is permissible.
A spacer may be used to obtain the . 125 (3. 18 mm) distance from the gage seat prior to farce

application,
3. These surfaces o be paraliel and in same plane within &, 001 {, 035 mm).
4, Four holes.
5, Pressed in,

FIGURE 2. Gage for iead and tab location for transistor type 2N2481 and TX2N2481.
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4.2.1 Qualification testing. The non-TX type shall be used for qualification testing. Upon
request to the qualifying activity, qualification will be extended to include the "TX" type of the
device.

4.3 Quality conformance inspection. Quality conformance inspection shall consist of group A,
B, and C inspections. When specified in the contract or order, one copy of the quality conformance
inspection data, pertinent to the device inspection lot shall be supplied with each shipment by the
device manufacturer (see 6.2).

4.3.1 Group A inspection. Group A inspection shall consist of the examinations and tests
specified in table I.

4,3.2 Group B inspection. Greup B inspection shall consist of the examinations and tests
specified in table II.

4.3.3 Group C inspection. Group C inspection shall consist of the examinations and tests
specified in table III. This inspection shall be conducted on the initial lot and thereafter every
6 months during production.

* 4,3.4 Group B and C life-test samples. Samples that have been subjected to group B, 340-hours
life-test, may be continued on test to 1, 000 hours in order to satisfy group C life-test requirements.
These samples shall be predesignated, and shall remain s1bjected to the group C 1, 000-hour ac-
ceptance evaluation after they have passed the group B, 340-hour acceptance criteria. The cumu-
lative total of failures found during 340-hour test and during the subsequent interval up to 1,000 hours
shall be computed for 1, 000-hour acceptance criteria, see 4.3.3.

TABLE I. Group A inspection.

MIL-STD-750 LTPD Limits
Examination or test Non
Method Details TX ITX Symbol Min Mox Unit
Subgroup 1 10 {10

Visual and mechanical 2071 - -—~- LRSS

examination
Subgroup 2 512

Breakdown voltage, 3011 |Bias cond. D; I = 30 mAdc; BVcro | 15 ~=- |Vdc
collector to emitter pulsed (see 4.4.1)

Breakdown voltage, 3011 |{Bias cond. C; Ic=1.0 pAdc BVers | 30 -=-- |Vdc
collector to emitter

Breakdown voltage, 3001 |Bias cond. D; Ic = 10 pAdc BVcpo| 40 ~=~ |Vdc
collector to base

Breakdown voltage, 3026 |Bias cond. D; Ig = 100 pAdc BVggo| 5.0 | --- |Vde
emitter to base

Collector to base 3036 |Bias cond. D; VCcp = 20 Vdc Iceo | -~ 50 |nAdc
cutoff current

Emitter to base 3061 |Bias cond. D; VEB =4 Vdc IEBO | -~ 100 |nAdc
cutoff current

S
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TABLE I. Group A inspection - Continued

ML-5TD-750 LTPD Limits
Examination or test |
Method Details ‘,};{ % Symbol Min | Mox | Unii
Subgroup 3 5138
Forward-current’ 3076 |Vce=1.0 Vdc, hFE 25 [P (o
transfer ratio Ic = 1.0 mAdc; puised
(see 4.4.1)
Forward-current 3076 |VCE = 1.0 Vdc; hFE 40 120 |---
transfer ratio Ic = 10 mAdc; pulsed
(see 4.4.1)
Forward-current 3076 |VeE = 1.0 Vdc; hFE 20 R P
transfer ratio Ic = 150 mAdc; pulsed
(see 4.4.1)
Subgroup 4 5| 3
Collector to emitter 3071 |Ic = 10 mAdc; VCE(sat)[ --- | 0.25 {Vdc
voltag (saturated) I = 1.0 mAdc; pulsed
(see 4.4.1)
Collector to emitter 3071 |Ic = 100 mAdc; VCE(sat)| -=- 0.4 jVdc
voitage (saturated) Ig = 10 mAdc; pulsed
(see 4.4.1)
Base emitter voltage 3066 |Test cond. A; IC = 10 mAdc; VBE(sat)| 0.7 0.82 |Vdc
(saturated) Ip = 1.0 mAdc; pulsed
(see 4.4.1)
Base emitter voltage 3066 |Test cond. A; Ic = 100 mAdc; Vpg(sat)] --- | 1.25 |Vdc
(saturated) IB = 10 mAdc; pulsed
(see 4.4.1)
* Subgroup 6 715
Magnitude of common- 3306 |VCE = 10 vdc; inte] 3 12 |---
emitter small-signal ic = 10 mAdgc;
short ~circuit forward- f = 100 MHz
current transfer ratio
Open circuit output 3236 |vcB = 5.0Vde; Ig = 0; Cobo .- 5.0 |pF
capacitance 100 kHz < f <1 MHz
Input capacitance (output 3240 |Vgg =0.5Vde; Ic =0; Cibo --- | 7.0 |pF
open circuited) 100 kHz < f <1 MHz
Real part of small-signal 3266 |VCE = 10 Vdc; REpie -—- 60 |ohms
short-circuit input Ic = 10 mAdc;
impedance { = 250 MHz
Subgroup 6 715
Switching parameters:
Turn-on time 3251 |Test cond. A; ton --- 40 |ns
Vee = 10 Vdc;
Ic = 100 mAdc;
181 = 10 mAdc;
VBE(0) = 2.0 Vde
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BABLE 1., Groyp A inspaction - Contimued
. MIL=STD=-750 LTPD Limits
Examination or test o
Method Detaiis T; TX Symbol FH Mox Unit
Subgroup 8 - Continued
Switching parameters (Cont):
Turn-on time 3251 | Test cond. A; " ton -—- 7 |ns
Vee = 3.0 Vdc;
In = 10 mAde:
a0 = AV LRSS,
Ig1 = 1.0 mAdc;
VBE(0) = 2.0 Vdc
Turn-off time 3251 |Test cond. A; toff == 55 |ns
Vee = 10Vdc;
Ic = 100 mAdc;
1B1 = 10 mAdc;
ig2 = 5.0 mAdc
Turn-off time 3251 |Test cond. A; toff --- 45 |ns
vee = 3.0 Vde;
I = 10 mAdc;
Ig1 = 1.0 mAdc;
ip2 = 0.5 mAdc
Storage time 3251 |Test cond. A; ts - 20 |ns
: vee = 10 Vdce;
Ic = 10 mAdc;
IB1 = 10 mAdc;
iz = 10 mAde
* Subgroup 7 15 ]10
High-temperature operation: TA = +150°C
Collector to base cutoff 3036 |Bias cond. D; Icpo | --- | 50 |pAde
current VeB = 20 vde
Low-temperature operation: Tp = -65°C
Forward-current transfer 3076 |Ic = 10 mAdc; hFE 20 === [==-
ratio VeE = 1.0 Vde; pulsed
(see 4.4.1)
TABLE H. Group B inspection.
MIL-STD-750 LTPD Limits
Exomination or test 5 -
Method Detoils T;’FTX Symbol Min Max Unit
Suberoup 1 20 120
Physical dimensions 2086 |{See figure 1) Sl B B b
* Subgroup 2 15 |15
Solderability 2026 --- - === |=--




TABLE II. Group B inspection - Continued.
MIL-STD-750 LTPD Limits
Exomination or test Non
Method Detoils TX ITX Symbol Kin Mox Unit
Subgroup 2 - Continued T ]
Thermal shock 1051 | Test cond. C; 10 cycles; - - con | ===

(temperature cycling) time at temperature ex-
tremes = 15 minutes
(minimum)

Thermal shock (glass strain) 1056 | Test cond. A == --- - | -

Hermetic seal 1071 | Test cond. G or H for fine -—- --= |1x10-7 atm
leaks; test cond. A, C, D, ce/s
or F for gross leaks

Moisture resistance 1021 --- --- —e= | ---

End points:

Collector to base cutoff 3086 |Bias cond. D; icgo | --- 50 |nAdc

current Vcp = 20 Vde

Forward-current transier 3076 |ic = 10 maac, hFE 40 120 | ---

ratio VCE = 1.0 Vde; pulsed
(see 4.4.1
Subgroup 3 15 |15
Shock 2016 Nsnoperating; 1,500 G; -=- Rl Bl et
0.5 ms; 5 blows in each
oriental mn X1, Y1, Yo,
anA 7.4
and Z1
Vibration, variable frequency | 2056 - - —n | m--
Constant acceleration 2008 |20, 000 G in each orientation: -—-- - e | ===
X1, Y1, Yg, and 23
End points:
(Same as subgroup 2)
* Subgroup 4 20120
Terminal strength 2036 |Test cond. E - -—- - | ==
(lead fatigue)
End points:

Hermetic seal 1071 |Test cond. G or H for fine --- --- |1x10-7 atm
leaks; test cond. A, C, D, cc/s
or F for gross leaks

Subgroup 5 20 |20
Salt atmosphere (corrosion) 1041 --- --- ee | ==
* Suberoun § 5 ,.125
High-temperature life 1031 Tstg = +200°C --- --- R
{nonoperating)
(TX types only)

@




TABLE II. -Group B jAgspection - Continued.

MIL -5 -19600/268C

HIL-STD-750 LTPD Limits
Exomination or test
hod Detaiis Non Symbeoi Win Mox Unis
Met TX [TX| >
Subgroup 8 - Continued
High-temperature life 1032 |Tgtg = +200°C; - oo cme |-
{nonoperating) time = 340 hours
(Non-TX types only) (see 4.3.4)
End points:
Collector to base cutoff 3036 |Bias cond. D; Icpo | --- | 100 |nAdc
current Vop = 20 Vde
Forward-current transfer 3076 |Ic = 10 mAde; Abpg | ==~ | 225 |%of
ratio VCE = 1.0 Vdc; pulsed initial
(see 4.4.1) recorded
value
* Subgroup 7 5(A=b
Steady-state operation life 1026 |Ta = +25°C; Pp= 360 mW, --- R BRI L
(TX typec only) Vep = 15 Vde
Steady-state operation life 1027 [T = +25°C; Pp= 360 mW; - R e e
(Non-TX types only) VcB = 15 Vdc;
time = 340 hours (see 4.3.4)
End points:
(Same as subgroup 6)
TABLE III. Group C inspection.
MIL-STD-750 LTPD Limits
Exomination or test -
- Method Details T‘;? X Symbol Min Mox Unit
* Subgroup 1 10 |10
Resistance to solvents --- |MIL-STD-202, Method 215 === === === ===
(see 4.4.2) .
i Subgroup 2 =71
High-temperature life (non- 1031 |[Tgtg = +200°C (see 4.3.4) - = ] === |e--
operating) (Non-TX type only)
End points:
(Same as subgroup 6 of
group B)
* Subgroup 3 h= 7 |--]
Steady-state operation life 1026 |[TA=25°C; VB =15 Vde; T B
(Non-TX type only) Pt = 360 mW (see 4.3.4)
End points:
(Same as subgroup 6 of
group B)




-19500/268C

4.4 Methods of examination and test. Methods of examination and test shall be as specified in
tables I, II, and III, and as follows:

4.4.1 Pulse measurements. Conditions for pulse measurement shall be as specified in section 4
of MIL-STD-750.

* 4.4.2 Resis

ance to solvents. Transistors shall be subjected to tests in accordance with
Method 215 of MIL-STD-202, The following etails shall apply

(2) All areas of the transistor body where marking has been applied shall be brushed.
(b) After subjection to the tests there shall be no evidence of mechanical damage to the
device and markings shall have remained legible.

4.5 Process-conditioning, testing, and screening for "TX'" types. The procedure for process-
conditioning, testing, and screening for "TX" types shall be in accordance with MIL-S-18500 and
4,5,1 through 4.5.9.1.

4.5.1 Quality assurance (lot verification). Quality assurance shall be in accordance with
MIL-S-19500 except lot records shall be kept for 1 year minimum.

4.5.2 High-temperature storage. All devices shall be stored for at least 24 hours at a minimum
temperature (TA) of 200°C. :

4.5.3 Thermal shock (temperature cycling). All devices shall be subjected to thermal shock
(temperature cycling) in accordance with MIL-STD-750, method 1051, test condition C, except that

i0 cycles shall be continuously performed and the time at the temperature extremes shall be
15 minutes, minimum.

4.5.4 Acceleration. All devices shall be subjected to acceleration test in accordance with
YT, _qm-vx:n method 2006, with the following exceptions: The test shall be performed one time

Wiass o 1= 00, MEelNOQ UV, Wl LT I0LILOWAHLE SALepriOlls,

in the Y1 orienta.tion only, at a peak level of 20 000 G minimum. The one-minute hold-time re-
quirement shall not apply.

* 4.5.5 Hermetic seal tests. All devices shall be subjected to hermetic seal tests (fine leak
followed by gross leak) with test conditions as specified in 4.5.5.1 and 4.5.5.2. Falled devices
from either test shail be removed from the iot.

4,.5.5.1 Fine-leak test. All devices shall be fine-leak tested in accordance with MIL-STD-750,
method 1071, test condition G or H; except the leak-rate rejection criterion shall be 1 x 10-7 cubic
centimeters of helium per second when measured at a differential pressure of one atmosphere.

4.5.5.2 Gross-leak test. All devices shall be tested for gross-leaks in accordance with
MIL-STD-750, method 1071, test condition A, C, Dor F.

* 4.5.6 Reverse bias. All devices shall be subjected to reverse bias with the following test
sequence and end point measurements:

(a) VcB =15 Vde, Ig = 0 for 48 hours (minimum) at T4 = +150°C (heat sink may be used).
(b) At the end of the high temperature test time, the case temperature shall be lowered

until "I"n = 30 15°C ig attained. This case temperature shall be maint (ned prior to

until attained, This case temperature shall be maintain
removal of reverse bias voltage.

(c) No other voltages or temperatures shall be applied to the devices before taking the
end point measurements.

(d) Within 24 hours following blas removal, measure Iopo as specified in table IV. The
manufacturer, at his option, may use a 72 hour maximum criteria if it is deman-
strated (at 72 hours) for three consecutive lots to the qualifying activity that readings
of 99% of alT devices remain stable within + 10% of the 24 hour reading.

10
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4.5.7 Preburn-in tests. The parameters Iogo and hpg, of table IV shall be measured and the
data recorded for all devices in the lot All devices shall be handied or identified such that the
delta end puuu.:s can be determined after the burn=in test. All davices which fail to meet these re-~

quirements shall be removed from the lot and the quantity removed shall be noted on the lot history.

TABLE IV. Burn-in test measurements.

Method Details 7 Min | Max -
Collector to base 3036 Bias cond. D; . Icro --- 50 nAdc
cutoff current Vep =20 Vde
Forward-current 3078 Vop = 1.0vde hpg 40 | 120 ---
transfer ratio Ic = 10 mAdc
pulsed (see 4.4.1)

4.5.8 Burn-in test. All devices shall be operated for 168 hours minimum under the following
conditions: :

c Vep = 1 = 360 mW

aixvy

]

(No heat sink or forced air directly on the devices shall be permitted. )

4,50 Dogt burn-in tests, The parameters Inpo and hrvE of table IV ghall be retested after

O v K1C3el

burn-in and the data recorded for all devices in the lot The parameters measured shall not have
changed during the burn-in test from the initial value by more than the specified amount as follows:

Alnmo = 100 percent or 5 nancampere, whichever is greater
Ahgg = +15 percent

4.5.9.1 Burn-in test failures (screening). All devices that exceed the delta (A) limits of 4.5.9

or the limits of ‘table IV after burn-m, shall be removed from the inspection lot and the guantity
removed shall be noted on the lot history. If the quantity removed after burn-in should exceed
10 percent of the number of devices subjected to the burn-in test, the entire inspection lot shall be

unacceptable for the "TX" types.

5, PREPARATION FOR DELIVERY

5.1 See MIL-S-19500, section 5.

6. NOTES
8.1 Notes. The notes specified in MIL-5-18500 are applicable to this specification.

6.2 Ordering data.

{(a) Lead finish if cther ..an g

+
(b) Lead material (see 3.3.1.1).
(c) Inspection data (see 3)

6.3 Chances to nrevious issue. The margins of this specification are marked with an asterisk to
indlcate where changes (additions, modifications, corrections, deletions) from the previous issue
were made This was done as a convenience only and the Government assumes no liabilily wiiatso-

ever for any inaccur racies in these notations, Bidders and contractors are cautioned to evaluate the

requirements of this document based on the entire content irrespective of the marginal notations
and relationship to the last previous issue.

1
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